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(57) Abstract 



An alloy of composition in wt.% (see table (I)) and incidental impurities up to 0.05 each 0.15 total, balance Al. The alloy can be 
extruded at high speed to provide extruded sections which meet T5 or To strength requirements. 
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Al-Mg-Si ALLOY WITH GOOD EXTOUSION PROPERTIES 

This invention concerns AIMgSi alloys of the 6000 series of 

5 the Aluminum Association Register. The compositions are low magnesium 
containing AIMgSi alloys with appropriate silicon and copper additions to 
meet the strength requirements of AA6063T5 and T6. AA6063 accounts 
for approximately 80% of all aluminium extruded products. At this bottom 
end of the extrusion market, there is a need for extrusions which meet the 

10 T5 or T6 strength requirements but which can be manufactured at the 
highest possible rates of extrusion. 

This need was addressed in a paper by D Marchive in Light 
Metal Age, April 1983, pages 6-10. The author reported a trend towards 
reducing the content of Mg 2 Si and compensating for this by increasing the 

is excess of Si, but that resulted in loss of formability. He reported new alloys 
in which the concentrations of Mg, Si, Cu, Mn and Cr were optimised to 
provide alloys which exhibited the required tensile properties but with 
superior extrudability, formability and toughness. The alloys had Mg 
contents in the range 0.35 to 0.60. 

20 There has been a prejudice in the industry against reducing 

the Mg content of 6000 series general purpose extrusion alloys below 
0.35 wt%. Of the 63 6000 series alloys listed in the Aluminum Association 
Register, all the general purpose extrusion alloys require a Mg content of 
at least 0.35 wt%. 

25 WO 95/06759 describes high strength high extrudability 

AIMgSi Alloys having the composition in wt%: Mg 0.25 -0.40; Si 0.60- 
0.90; Fe up to 0.35; Mn up to 0.35 preferably 0.10 - 0.25. But these are 
not general purpose extrusion alloys. By virtue of the high Si content they 
have high tensile strength generally in excess of 250 MPa and they 

30 preferably contain Mn to improve extrusion surface quality. 
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This invention concerns general purpose extrusion alloys 
having the minimum alloying additions required to meet the strength 
requirements of AA 6063T5 (peak aged tensile strength of at least about 
1 52 MPa) and T6 (peak aged tensile strength of at least about 207 MPa). 

5 Decreasing the Mg content of such an alloy reduces the flow stress of the 
material at the temperatures used for extrusion, which in turn reduces the 
extrusion pressure and the work done in the process. Approximately 90% 
of the work of extrusion is converted to heat which results in temperature 
rise in the extruded product. With the dilute alloys described here, less 

10 heat is generated in the extrusion process as compared with conventional 
alloys, such that the product can be extruded at a higher speed before 
surface deterioration occurs. Usually the productivity of an aluminium 
extrusion is limited by the onset of various types of surface defect which is 
linked to the attainment of a critical temperature at the surface of the 

15 product. 

The lower breakthrough pressure associated with the lower 
Mg content also means that for a given extrusion press, the initial billet 
temperature can be reduced until the pressure required matches the press 
capacity. This has the effect of further reducing the temperature of the 
20 product as it exits the die which gives further productivity benefits. 

In one aspect the invention provides an alloy of composition 
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provided that when Mg is at least 0.30 and Cu is at least 
0.05, then Fe is greater than 0.15. 

The invention also provides extrusion ingots of the alloy as 
defined; and extrusions (i.e. extruded sections) made from such ingots. 
5 Reference is directed to the accompanying drawings in 

which:- 

Figure 1 is a graph showing Mg and Si concentrations of 
certain dilute 6000 alloys. 

Figure 2 is a graph of tensile strength against Si content for 
10 alloys of different composition. 

Figure 3 is a graph showing T5 and T6 limits for various dilute 

6000 alloys. 

Figure 4 is a graph showing elongation at break for alloys of 
different composition. 
15 Figure 5 is a bar chart showing relative mean extrusion 

breakthrough pressure for alloys of different composition. 

Figure 6 is a graph showing extrusion breakthrough load at 
450°C for alloys of different composition. 

Figure 7 is a graph showing extrusion breakthrough load at 
20 425°C for alloys of different composition. 

Figures 8 and 9 are graphs of tensile strength against Si 
content of two different alloys showing the effects of different ageing 
practices. 

Figure 10 is a graph showing the effect of silicon content on 
25 a-p transformation. 

Figure 1 1 is a graph showing the effect of silicon content on 
AlFeSi intermetallic size. 

Figure 12 is a graph showing the effect of silicon content on 
AlFeSi spheroidisation. 
30 Figure 13 is a graph showing the effect of Si and Mn levels 
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on a-p transformation. 

Figure 14 is a graph showing the effect of Mg and Si content 
on roughness of extrusions according to the invention at an extrusion 
temperature of 450°C. 
5 Figure 1 5 is a graph showing the effect of alloy composition 

on tensile strength. 

Referring to Figure 1, the boxes marked A and B designate 
the broad and narrow compositions of alloys according to the invention as 
defined above. Also shown for comparison is the bottom end of a box for 
io AA6060, a general purpose extrusion alloy; and the left hand side of a box 
for the high strength alloy described in WO 95/06759. Lines marked T5 
and T6 represent the compositions required to produce extrusions capable 
of passing these tests. The positions of these lines are somewhat variable 
depending on ingot pretreatment conditions, rate of cooling the extrusions 
15 and extrusion ageing conditions. 

The Mg content of the invention alloy is set at 0.20 - 0.34 
preferably 0.20 - 0.30%. If the Mg content is too low, it is difficult to 
achieve the required strength in the aged extrusions. Extrusion pressure 
increases with Mg content, and becomes unacceptable at high Mg 
20 contents. 

The Si content is set at 0.35 - 0.60 preferably 0.40 - 0.59. If 
the Si content is too low, the alloy strength is adversely affected, while if 
the Si content is too high, extrudability may be reduced. Formability has 
also been reported to be impaired at high Si levels, but it has been found 

25 that this effect is not important within the composition range of the 

invention. A function of the Si is to strengthen the alloy without adversely 
affecting extrudability, high temperature flow stress or anodising and 
corrosion characteristics. 

The presence of Fe in the alloy is normally unavoidable. An 

30 upper concentration limit is set at 0.35, preferably 0.25%. It is likely to be 
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preferred to use alloys containing at least 0.15% Fe, to prevent bright finish 
on anodising and because these alloys are less expensive than alloys 
containing lower Fe concentrations especially when made from remelted 
scrap. In the as-cast alloy ingots, Fe is present in the form of large plate- 

5 like p-AIFeSi particles. Preferably the extrusion ingot is homogenised to 
convert p-AIFeSi to substantially (at least 80% and preferably more than 
90%) the cc-AIFeSi form. 

Mn has a number of different effects. Although it has 
previously been included in extrusion alloys to improve toughness, it is 

10 generally not useful for this purpose for alloys of the present invention. At 
very high levels, Mn gives rise to problems with quench sensitivity due to 
increased levels of dispersoid formation. To avoid this, Mn levels are 
preferably kept below 0.15% particularly below 0.10%. 

The inventors have determined that, when included at a level 

15 of at least 0.02% preferably at least 0.03%, Mn has a hitherto unpublished 
technical effect This is that silicon levels of about 0.50 wt% or greater 
lead to increased stability of the p-AIFeSi phase at homogenisation 
temperatures. This retards the transformation of the AlFeSi intermetallic 
from p to a during homogenisation. As a result, the break up of the 

20 intermetallics is retarded such that mean size of the intermetallic phases is 
increased and a degree of spheroidisation is reduced. This has 
detrimental effects on the extrudability of the material and causes poor 
surface finish. The effects of the silicon level on p stability can be avoided 
by adding an appropriate level of manganese to the alloy which stabilises 

25 the a form of the AI(Fe,Mn)Si intermetallic. Thus a preferred minimum 
manganese content can be expressed:- 

Wt% manganese = at least 0.3 x wt% silicon - 0.12 
Inclusion of manganese in these concentrations helps to: 
promote a p to a AlFeSi transformation during homogenisation such that at 
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least an 80% and preferably at least 90% transformation is achieved under 
normal homogenising conditions; reduce the AlFeSi particle size (which is 
however also dependent on the diameter of the billet being homogenised); 
and increase the degree of AlFeSi spheroidisation, preferably to at least 

5 0.5 or 0.51 (where 0 equals a rod and 1 equals a sphere). 

Cu has the advantage of improving tensile strength without a 
comparable increase in extrusion breakthrough pressure; and a 
disadvantage of giving rise to corrosion problems. Particularly at low Si 
levels, Cu may be included in alloys of this invention at concentrations up 

10 to 0.25% preferably up to 0.20%, and particularly up to 0.10%. 

The strength of extrusion alloys is sometimes expressed in 
terms of their Mg 2 Si content, which for excess Si alloys such as these may 
be calculated as Mg x1 .57. The Mg 2 Si content of alloys according to this 
invention is preferably 0.314 - 0.55 wt%, particularly 0.38 - 0.53 wt%. 

is Si is present in an excess over that required to combine with 

all Mg as Mg 2 Si, and with all Fe and Mn as AI(Fe,Mn)Si. (The terms AlFeSi 
and AI(Fe,Mn)Si are conventionally used to denote intermetallics 
containing these elements but not necessarily in these proportions). 
Excess Si is calculated according to the following formula 

20 Excess Si = Si - Mg/1 .73 - (Fe+Mn)/3. 

In alloys of the present invention, the excess Si is preferably 
0.08 - 0.48 wt% particularly 0.12 - 0.40 wt%. Where this excess is too 
small, it will be difficult to achieve the required tensile strength properties. 
Where this excess is too large, alloy formability and extrusion surface 

25 quality may be adversely affected. 

An extrusion ingot of the alloy of the invention may be made 
by any convenient casting technique, e.g. by a d.c. casting process, 
preferably by means of a short mould or hot-top d.c. process. The Fe is 
preferably present as an insoluble secondary phase in the form of fine 

30 p-AIFeSi platelets, preferably not more than 15 jim in length or, if in the 



WO '98/42884 PCT/GB98/00849 



7- 



a form, free from script and coarse eutectic particles. 

The as-cast extrusion ingot is homogenised, partly to bring 
the soluble secondary magnesium-silicon phases into suitable form, to 
dissolve the silicon and partly to convert p-AIFeSi particles into 

5 substantially a-AIFeSi particles, preferably below 15 ^m long and with 90% 
below 6 ^im long. Homogenisation typically involves heating the ingot at 
more than 530°C e.g. 550 - 600°C for 30 minutes to 24 hours with higher 
temperatures requiring shorter hold times. 

Cooling from homogenisation temperature should preferably 

io be sufficiently fast to avoid the formation of coarse p-Mg 2 Si particles which 
would not redissolve during extrusion. It is preferred to cool the ingot at a 
rate of at least 150°C per hour from homogenisation temperature down to 
a temperature not greater than 425°C. The ingot may be held for a few 
hours at a temperature in the range 300 - 425°C, as described in 

15 EP 222 479, in order to encourage the formation of a rather fine precipitate 
P'-Mg 2 Si which has the effect of reducing extrusion breakthrough pressure 
and of redissolving during extrusion so as to permit development of 
maximum tensile strength in age hardened extrusions. The rate of cooling 
below 300°C is immaterial. 

20 The homogenised extrusion ingot is then heated for 

extrusion. The solutionising treatment described in EP 302 623 may be 
used. As is conventional in the art, the initial billet temperature can be 
chosen to match the pressure capacity of the extrusion press being used. 
The emerging extrusion is cooled, either by water or forced air or more 

25 preferably in still air, and subjected to an ageing process in order to 
develop desired strength and toughness properties. 

Ageing typically involves heating the extrusion to an elevated 
temperature in the range 150 - 200°C, and holding at that temperature for 
1 - 48 hours, with higher temperatures requiring shorter hold times. As 
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demonstrated in the experimental section below, the response of the 
extrusion to this ageing process depends significantly on the rate of 
heating. A preferred rate of heating is from 10 - 100°C particularly 10 - 



70°C per hour; if the heating rate is too slow, low throughput results in 
5 increased costs; if the heating rate is too high, the mechanical properties 
developed are less than optimum. An effect equivalent to slow heating can 
be achieved by a two-stage heating schedule, with a hold temperature 
typically in the range of 80 - 140°C, for a time sufficient to give an overall 
heating rate within the above range. Holding the extrusion for 24 hours or 
10 more at room temperature is also beneficial. 



meeting the requirements of T5 (tensile strength of 152 MPa) or preferably 
of T6 (tensile strength of about 207 MPa) with improved press productivity. 
The reduced flow stress characteristics also make it possible to produce 

15 shapes such as high aspect ratio heat sinks that are difficult to produce in 
existing alloys. The basic features of the alloys can also be applied for 
bright dip applications, with appropriate additions of copper or for matt 
etching applications with appropriate control of the iron content. Some of 
the more dilute versions of the alloys are suitable for applications where 

20 low strength is acceptable but where good formability is required. 

EXPERIMENTAL 

The invention has been tested in the laboratory. A range of 
compositions listed in Tables 1 and 2 were DC cast as 100 mm diameter 
25 ingots. These covered the following ranges of composition: 



When aged to peak strength, extrusions are capable of 



Mg 
Si 



0.23 - 0.48 wt% 



0.39-0.61 wt% 



Cu 



0.001 -0.10 wt% 



Fe 



0.17- 0.19 wt% 



30 



Mn 



0.028 - 0.03 wt% 
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The range of alloys included a control alloy based on a 
commercially available alloy 6060 (Example 1 1) and 6063. 

The billets were homogenised using a practice of 2 hrs at 
585°C followed by cooling at 350°C/hr, which is a typical practice for AI- 
5 Mg-Si alloys. The alloys were then extruded using a 750 tonne, 100 mm 
diameter extrusion press. Billets were induction heated using a number of 
different practices and then extruded into a 50 x 3 mm flat strip, equivalent 
to an extrusion ratio of 52:1. The extrusion speeds used ranged from 12 to 
40 m/min. Initially the billet was extruded using a billet temperature of 
io 480°C at an exit speed of 40 m/min giving an exit temperature of at least 
510°C. The strip was still air cooled at 2°C/sec. After 24 hours the alloys 
were aged using the following practices: 

1. 100°C/hr heat up, soak for 5 hrs at 185°C. 

2. 50°C/hr heat up, soak for 5 hrs at 185°C. 
15 3. 20°C/hr heat up, soak for 5 hrs at 185°C. 

4. 1 00°C/hr heat up, soak for 5 hrs at 1 20°C 

followed by100°C/hr heat up, soak for 5 hrs at 185°C. 
Figure 2 shows the tensile strengths obtained using the first 
heat treatment as a function of silicon and magnesium content. The 
20 requirements of the AA6063T5 and T6 specifications are shown. The 
following points can be drawn from this diagram, bearing in mind that the 
accepted alloy specification for most extruded applications is AA6063: 

• The minimum tensile strength requirement of AA6063T6 can 
be satisfied at magnesium levels of 0.29 and above with appropriate 

25 control of the silicon level. The strength obtained from such alloys is 
equivalent to the properties obtained with the alloy 6060. 

• The 6063T5 minimum tensile strength requirement can be 
easily met with all but the lowest Mg and Si compositions tested. This 
includes all the new 0.25 wt% Mg alloys tested apart from the lowest silicon 
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level. 

• The addition of 0.1 0 wt% copper to a 0.29 wt% Mg alloy 
resulted in a 10 MPa increase in tensile strength. This indicates that it 
should be possible to meet the 6063T6 requirement at 0.25 wt% Mg - 

5 0.6 wt% Si by adding a similar level of copper. 

Figure 1 showing alloy composition fields and strength 

contours have been reproduced as Figure 3, in which are shown the 

compositions and tensile strengths of the various alloys listed in Table 1. 

From this graph it is evident that alloys containing as little as 0.20 wt% Mg 
10 can be formulated with suitably high Si contents to pass the T5 

specification. 

Figure 4 is a graph of elongation at break for alloys of various 
compositions after ageing by practice 1 . Elongation at break in a tensile 
test is one measure of formability. The following conclusions can be drawn 
15 from this figure: 

• Elongation did not decrease with increased excess Si and at 
the lowest Mg level (0.25 wt%) elongation increased only slightly with 
increasing Si. 

• The AA6060 control gave similar elongation values to the 
20 experimental alloys. 

• All the values were in excess of the minimum requirements, 
which are 8%, of AA6063T5 and T6. 

The pressure requirements of the new alloy range have been 
compared with existing alloys AA6060 and AA6063 in the temperature 

25 range 400 to 475°C. In this case the alloys were extruded into a thin wall 
profile (1.3 mm thick l-section) at a reduction ration of 125:1. Individual 
billets were extruded at 400, 425, 450, 475°C. The experiments were 
carried out on a laboratory press as described previously. The press liner, 
die and tooling were preheated to the billet temperature in each case. The 

30 AA6063 composition is included in Table 1. 
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Figure 5 summarises the results expressed as mean 
breakthrough pressure over the temperature range 400 - 475°C. The 
alloys are ranked on the y-axis in terms of decreasing magnesium and 
silicon contents. There is a progressive decrease in pressure as the 

5 magnesium and silicon contents are reduced. All the alloys within the 
composition range covered by the invention offer useful pressure 
reductions as compared to conventional alloys AA 6060 and AA6063. As 
described above, these useful improvements in extrudability can be 
achieved whilst still satisfying the mechanical property requirements for 

10 these types of applications. Figures 6 and 7 give more detailed pressure 
data for a typical extrusion temperatures of 450 and 425°C. The benefits 
of the new alloy range, in terms of reduced extrusion pressure, appear to 
increase as lower billet temperatures are utilised. 

The addition of 0.1 0 wt% Cu to the 0.30 wt% Mg containing 

15 alloy does raise the extrusion pressure such that it is equivalent to adding 
0.05 wt% Mg. From Figure 2, it is also equivalent to an addition of 
0.05 wt% Mg or 0.05 wt% Si in terms of mechanical properties and is still a 
useful way of controlling the mechanical properties. 

The effect of ageing practice on the properties achievable is 

20 shown in Figures .8 and 9, (in which extrusion ingots were solutionised by 
the technique described in EP 302623A). Further increases in strength are 
possible for all the compositions studied by reducing the heating rate to the 
ageing temperature to 20°C/hr (practice 3) or by using the two stage heat 
treatment (practice 4). 

25 Figures 1 0 to 1 3 show the results of experiments performed 

by taking 178 mm diameter ingots of alloys according to the invention 
containing 0.25 - 0.50 wt% magnesium (the Mg content does not affect the 
results) and variable concentrations of silicon as shown; and subjecting 
the ingots to homogenisation under conventional conditions, typically 

30 2 hours at 585°C. Figure 10 shows the effect of increasing silicon levels 
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on the percentage of p-AIFeSi remaining after homogenisation for ingots 
containing 0.03 wt% Mn. Above 0.5 wt% Si, the percent a-AIFeSi at the 
end of homogenisation is significantly reduced. Figures 1 1 and 12 show 
the mean size and degree of spheroidisation for the same alloys. The 

5 increase in residual p-AIFeSi at higher Si levels corresponds to an increase 
in particle size and lack of spheroidisation. In each of Figures 10, 1 1 and 
12, a single further point shows that, by changing the Mn concentration 
from 0.03% to 0.09%, these detrimental effects on intermetalllic type, size 
and shape can be reversed. 

io Figure 1 3 shows the effect of incremental Mn additions on the 

level of p-AIFeSi remaining after standard homogenisation practice. Lines 
are shown for two Si levels of 0.50% and 0.60%. A target often used for 
homogenisation of dilute 6060 alloys is to achieve 90% a-AIFeSi after 
homogenisation. The amount of Mn required to achieve this increases with 

15 the bulk Si content. For alloys containing less than 0.50 wt% Si, a 

deliberate addition of Mn is not necessary to achieve this target, but the 
addition can still be useful in improving the extent of spheroidisation for a 
given homogenisation treatment. 

Figure 14 is a graph showing the effect of Mg and Si content 

20 on roughness Ra of extrusions made from alloys shown in Table 1 at an 
extrusion temperature of 450°C. The exit speed was 100 m/min, the 
extrusion ratio was 125:1 and the section thickness was 1.3 mm. It can be 
seen that surface roughness begins to be a problem at Si levels above 
about 0.52 wt%. 

25 Figure 15 is a chart showing the effect of alloy composition 

on tensile strength. Four ingots of each of nine different alloy compositions 
17 to 25 as shown in Table 3 were extruded and aged and the UTS 
measured. The billet temperature was 450°C, the extrusion ratio was 
125:1 and the quench rate was 3°C/s. Ageing was 5hr at 180°C with a 

30 100°C/hr heating rate. The results show that an alloy content of 0.31 wt% 
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Mg and 0.53 wt% Si is close to the lower limit for achieving 6063 T6 
properties. A comparison of Example alloys 18, 19 and 20 shows that Mn 
addition does not have any significant effect on strength. 

Table 4 below provides further data on the extrusion 
5 properties of those example alloys 17 to 25: the load required to achieve 
extrusion at 100 metres/minute; and the roughness of the resulted 
extruded section. A comparison of example alloys 18, 19 and 20 shows 
that, at high Si levels, surface finish can be substantially improved by Mn 
addition. 

10 A comparison of prior art alloys 21 and 25 with the others 

shows that the invention alloys require lower extrusion pressures. 
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Table 2 



Example 


Mg 2 Si 
(wt%) 


Excess Si 
(wt%) 


1 


.55 


.13 


2 


.53 


.17 


3 


.53 


.23 


4 


.53 


.27 


5 


•52 


.33 


6 


.44 


.16 


7 


.44 


.20 


8 


.46 


.26 


9 


.47 


.31 


10 


.47 


.37 


11 


.61 


.15 


12 


.46 


.31 


13 


.36 


.23 


14 


.38 


.29 


15 


.38 


.35 


16 


.38 


.40 


6063 


.75 


.06 
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T abie 3 



Example 


%Si 


%Fe 


%Cu 


%Mn 


%Mg 


%Ti 


%B 


Type 


17 


0.4 


0.18 


0.002 


0.029 


0.35 


0.008 


0.001 




18 


0.61 


0.17 


0.002 


0.03 


0.28 


0.008 


0.001 




19 


0.62 


0.17 


0.002 


0.09 


0.27 


0.008 


0.001 




20 


0.63 


0.17 


0.002 


0.06 


0.31 


0.008 


0.001 




21 


0.45 


0.17 


0.002 


0.03 


0.41 


0.007 


0.001 


6060 


22 


0.52 


0.17 


0.1 


0.03 


0.32 


0.008 


0.001 




23 


0.53 


0.17 


0.003 


0.03 


0.31 


0.008 


0.001 




24 


0.45 


0.17 


0.001 


0.03 


0.3 


0.008 


0.001 




25 


0.41 


0.17 




0.03 


0.48 


0.01 




6063 



5 Table 4 



Example 
Alloy 


Roughness 
Ra (urn) 


Extrusion Load 
(tonnes) 


17 






18 


1.10 


507 


19 


0.44 


507 


20 


0.69 


510 


21 


0.81 


522 


22 


1.08 


511 


23 


1.12 


508 


24 


0.80 


509 


25 




532 
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CLAIMS 



5 1 - An alloy of composition in wt% 

Broad Narrow 

Mg 0.20 - 0.34 0.20 - 0.30 

Si 0.35 - 0.60 0.40 - 0.59 

Mn 0.15 max 0.03-0.10 

10 Cu 0.25 max 0.20 max 

Fe 0.35 max 0.25 max 



incidental impurities up to 0.05 each 0,15 total 
balance Al 

provided that when Mg is at least 0.30 wt% and Cu is at least 
15 0.05 wt%, then Fe is greater than 0.15 wt%. 

2. An alloy as claimed in claim 1, wherein the Mg 2 Si 
concentration is 0.35 - 0.55 wt% and the excess Si is 0.10 - 0.45 wt%. 

3. An alloy as claimed in claim 1 or claim 2, wherein the wt% of 
Mn is at least (0.3xSi - 0.12). 

20 4. An alloy as claimed in any one of claims 1 to 3, wherein the 

Fe content is at least 0.15 wt%. 

5. An alloy as claimed in any one of claims 1 to 4, wherein the 
Mn content is at least 0.02 wt%. 

6. An extrusion ingot of the alloy as claimed in any one of claims 
25 1 to 5, in which Fe is present substantially as a-AIFeSi. 

7. An extrusion made from an ingot as claimed in claim 6. 

8. An extrusion as claimed in claim 7, which has in the T6 
temper an ultimate tensile strength of at least 207 MPa. 

9. An extrusion as claimed in claim 8 which has been thermally 
30 aged, wherein the rate of heating for ageing was 10 - 100°C/hr. 
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10. A method of making an extrusion which method comprises 

providing an extrusion ingot of an alloy of composition in wt% 

Broad Narrow 
Mg 0.20 -0.34 0.20-0.30 

5 Si 0.35-0,60 0.40-0.59 

Mn 0.15 max 0.03-0.10 

Cu 0.25 max 0.20 max 

Fe 0.35 max 0.25 max 



incidental impurities up to 0.05 each 0.15 total 
io balance Al 

provided that when Mg is at least 0.30 wt% and Cu is at least 
0.05 wt%, then Fe is greater than 0.15 wt%, 

homogenising the ingot to convert Fe to substantially an a- 
AlFeSi form, cooling the homogenised ingot, and extruding the ingot. 
15 11. A method as claimed in claim 10, wherein the 

homogenisation is effected at 550°C - 600°C for 30 minutes to 24 hours. 
12. A method as claimed in claim 10 or claim 11, wherein the 

homogenised ingot is cooled down to 425°C or less at a rate of at least 
150°C per hour. 

20 1 3. A method as claimed in any one of claims 1 0 to 1 2, wherein 

the extrusion is age hardened by heating at 10 - 100°C/hr to an ageing 
temperature of 1 50 - 200°C. 
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